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Theranostic systems are currently emerging for simultaneous diagnosis and therapy. In order for these systems, micelle-like nanoparticles have been widely investigated to encapsulate a large amount of imaging agents for diagnosis and drugs for therapy within self-assembling micelles. The colloidal aggregation of amphiphilic molecules occurs when the concentration exceeds the critical micelle concentration (CMC).
5 Micelle-like nanoparticles have been used in various drug delivery systems to increase the bioavailability of hydrophobic drugs, to reduce the cytotoxicity of drugs, to deliver small molecular drugs for a long-term, and to deliver drugs target specically.
6 Generally, hydrophobic drugs were encapsulated within amphiphilic block copolymers or conjugated to hydrophilic polymers to form a micellar structure.
In our previous work, we developed gold coated hyaluronate (HA)-doxorubicin conjugate micelles for theranostic application to cancer treatment. 7 We have also developed HA-Flt1 peptide conjugate in the form of micelle-like nanoparticles.
8 HA is a natural polymer with the intrinsic target-specicity to the liver.
9 Flt1 peptide is an anti-angiogenic hexa-peptide binding to the vascular endothelial growth factor receptor.
10 HA-Flt1 peptide conjugate micelles have been used to encapsulate hydrophobic chemical drugs.
8c,8d
Here, we have designed HA-Flt1 peptide conjugate micelles encapsulating epirubicin (EPI) for theranostic applications to liver cancers. EPI is one of the most popular anthracycline drugs for the chemotherapy of cancers.
11 EPI causes less adverse effects, such as alopecia, dyspepsia, and myelo-suppression, than doxorubicin which has been used for cancer chemotherapy with a different chemical chirality. It has a different spatial orientation of the hydroxyl group at 4 0 carbon of the sugar from DOX, which may account for its faster elimination and reduced toxicity. 12 Flt1 peptide and EPI in the micelle can synergistically inhibit tumor growth by the anti-angiogenesis and anti-proliferation effect.
The preparation and characterization of HA-Flt1 peptide conjugate micelles are well described in our previous reports.
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In brief, Flt1 peptide was conjugated to tetrabutyl ammonium salt of HA (HA-TBA) in dimethyl sulfoxide (DMSO). HA-Flt1 peptide conjugate was synthesized by the amide bond formation between carboxyl groups of HA and N-terminal a-amine groups of Flt1 peptides. Since Flt1 peptides is hydrophobic, HA-Flt1 peptide conjugate can form a micellar structure in aqueous solution. To encapsulate EPI in HA-Flt1 peptide conjugate micelles, we used the oil-in-water (O/W) emulsion method. The hydrophobic EPI was self-assembled into the core of micelles (Fig. 1) . HA-Flt1 peptide conjugates were dissolved at a concentration of 2 mg ml À1 in PBS. EPI$HCl was substituted with tetraethylamine, which was dissolved in chloroform at a concentration of 4 mg ml
À1
. The solutions of HA-Flt1 peptide conjugate and EPI were mixed at a weight ratio of 1 : 2 with a tip sonicator in an ice bath for 15 min, and then mixed with a stirrer overnight to evaporate the chloroform completely.
Using dynamic light scattering (DLS), z-potential analysis, TEM and UV-vis spectroscopy, we could conrm the formation of HA-Flt1 peptide conjugate micelles encapsulating EPI (Fig. 2) . HA-Flt1 peptide conjugate had absorbance at 280 nm due to the Flt1 peptide and EPI had absorbance at 490 nm. HA-Flt1 peptide conjugate/EPI micelles showed absorbance at both 280 nm and 490 nm. Based on the UV-vis spectra of EPI and HA-Flt1 peptide conjugate/EPI micelles, we could estimate the encapsulation efficiency to be ca. 35.5%. As shown in the TEM image, HA-Flt1 peptide conjugate micelles had a spherical shape and EPI was self-assembled into HA-Flt1 peptide conjugate micelles in a core-shell structure. According to DLS, the mean particle size of micelles was estimated to be 212 nm with a low polydispersity index of 0.109, which was in accordance with that in TEM image. The surface charge was À33.9 mV due to the negatively charged HA on the shell of the micelles.
Intravital laser scanning confocal microscopy was carried out aer intravenous injection of HA-Flt1 peptide conjugate/ EPI micelles to Balb/c mice. We previously carried out the intravital confocal microscopy using HA-quantum dot conjugates with a low magnication.
9c In this work, aer cutting the abdomens of mouse, we imaged the liver using a home built microscope and a water immersion objective lens with a higher resolution (Â60). Fig. 3 shows intravital images of HA-Flt1 peptide conjugate/EPI micelles in the liver tissues. The red uorescence of EPI in the micelles appeared mainly on the cell wall of hepatocytes within 5 min. With increasing time, the red uorescence was observed increasingly inside the hepatocyte, especially nucleus. The result clearly indicated that HA-Flt1 peptide conjugate/EPI micelles were uptaken to the hepatocytes. As well known, there are abundant HA receptors (CD44 and HARE) in the liver cells.
13 In addition, EPI interacts with DNA by intercalation, and inhibits DNA replication and cell division just like doxorubicin.
14 From the results, HA-Flt1 peptide conjugate/EPI micelles were thought to be accumulated in the liver cells from the blood stream via HA receptor mediated endocytosis.
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Aer intravenous injection, we carried out ex vivo bioimaging to investigate the biodistribution of HA-Flt1 peptide conjugate/EPI micelles in normal and xenogra tumor mice (Fig. 4a ). The tumor model mice were prepared by subcutaneous injection of B16F10 melanoma cells to the ank of C57BL/6 mice at an age of 7 weeks. Aer 3 days, both mice were sacriced for ex vivo bioimaging of their livers, spleens, kidneys, and lungs. 15 A halogen lamp with a 625 nm lter was used for the excitation and the uorescence images were obtained through a 790 nm emission lter. The uorescence of EPI in the micelles was clearly observed in dissected liver, kidney, spleen, lung and tumor. Fig. 4b shows the quantication of the biodistribution of HA-Flt1 peptide conjugate/EPI micelles in normal and tumor mice. More than half of the micelles in total organs were accumulated in the liver, and some were in the kidney in both normal and tumor model mice. Interestingly, 12.6% of the micelles in total organs still remained in tumor aer 2 days post-injection. Ex vivo bioimaging clearly conrmed that HA-Flt1 peptide conjugate/EPI micelles were accumulated mainly in the liver, kidneys and tumor tissues.
On the basis of bioimaging results, we decided to assess the therapeutic effect of HA-Flt1 peptide conjugate/EPI micelles in HCC SV40T mice for theranostic applications to liver cancers. Fig. 5a shows the photo-images of the normal liver and that in HCC SV40T mice. When the tumor volume increased to 161.0 mm 3 and 165.5 mm 3 , EPI only and HA-Flt1 peptide conjugate/EPI micelles were intravenously injected to the HCC mice at a dose of 3 mg kg À1 of EPI twice a week for 4 weeks.
According to the magnetic resonance imaging (MRI), the tumor growth was drastically reduced by the target-specic treatment with HA-Flt1 peptide conjugate/EPI micelles without adverse effect (Fig. 5b) . In contrast, aer treatment with non-specic EPI, the tumor volume increased 6.1-fold (984.5 mm 3 ), causing the adverse effect of alopecia and necrosis in the tail.
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On the basis of this preliminary study, we will carry out the preclinical study on the therapeutic effect of the micelles using a large number of animals. All these results conrmed the feasibility of HA-Flt1 peptide conjugate/EPI micelles for theranostic applications to liver cancers.
Conclusions
We successfully carried out the theranostic application of HA-Flt1 peptide conjugate/EPI micelles to the treatment of liver cancer. The formation of micelles and the encapsulation of EPI were conrmed by UV-vis spectroscopy, TEM, and DLS analysis. In vivo and ex vivo bioimaging clearly visualized the targetspecic delivery of the micelles to the liver. Finally, we could conrm the therapeutic effect of the micelles from the signi-cantly reduced tumor growth. Taken together, HA-Flt1 peptide conjugate/EPI micelles can be effectively exploited for theranostic applications to liver cancers. This journal is © The Royal Society of Chemistry 2015
